INTRODUCTION
============

Endometrial cancer is the most common gynecologic malignancy, with an estimated incidence of 43,470 new cases and 7,950 deaths by 2010 \[[@B1]\] and one of the most common indications for hysterectomy in the field of gynecologic oncology. Advances in the fields of robotics and minimally invasive surgery have allowed the widespread integration of robotic-assisted and laparoscopic procedures into gynecologic oncology practices throughout the United States.

The benefits of using a laparoscopic approach to hysterectomy, including a faster return to normal activities, lower blood loss, shorter hospital stay, and fewer wound complications are well documented and has been described in the early 1990s \[[@B2]\]. Additionally, the incorporation of robotics brings unique benefits to surgery including a high resolution three-dimensional (3D) view and intraoperative wrist-like motion of the robotic arms, which provide finer and more dexterous movements. However, the limitations of robotic surgery such as increased cost and operative time \[[@B3]\], as well as the limited experience with this recently developed technology, under-line the importance of conducting clinic research in this area of gynecologic oncology.

Currently in the literature, there are few studies to compare robotic-assisted laparoscopic hysterectomy, oophorectomy and lymph node dissection for the staging of endometrial carcinoma to video-laparoscopic approach \[[@B4]-[@B10]\]. The authors (JC, TCR) performed a single-site study to compare the peri- and postoperative complications and outcomes of robotic-assisted surgical staging with video-laparoscopic surgical staging for women with endometrial cancer and found that there were no significant differences in the rate of major complications \[[@B11]\]. In order to obtain a more robust dataset that would be widely applicable, we performed a study to analyze the integration of robotics into two established center of minimally invasive surgery for endometrial cancer.

MATERIALS AND METHODS
=====================

We conducted a retrospective analysis to identify all the cases of minimally invasive endometrial cancer staging procedures performed by three board certified gynecologic oncologists at two institutions. Patients who underwent additional surgery at the time of the surgical staging or with incomplete data were excluded. All the cases performed by one physician (TCR) were collected from Pennsylvania Hospital between December 2007 and April 2010 for robotic-assisted surgeries and between January 2003 and December 2007 for video-laparoscopic procedures. Similarly, all the robotic-assisted and video-laparoscopic procedures for endometrial cancer were collected for two physicians (HG, LC) from White Plain Medical Center between May 2005 and December 2009. Study was approved by the University of Pennsylvania Health System and Mount Sinai Medical Center Institutional Review Board committee.

A computerized database was created to record age, body mass index (BMI), comorbid medical conditions and surgical approach used for staging (robotic-assisted vs. video-laparoscopic) for each patient. Intraoperative complications recorded included vascular injury, enterotomy, injuries to the urinary tract and conversions to laparotomy; postoperative complications (prior to and after hospital discharge up to 8 weeks of follow-up) were recorded and included vaginal dehiscence, wound complications, urinary tract infections, lymphedema, symptomatic lymphocele, deep vein thrombosis and pulmonary embolism. Perioperative data collected included operative time (defined as Veress needle insertion/skin incision to skin closure), estimated blood loss (EBL), pre- and postoperative hemoglobin values, need for transfusion, length of hospital stay and need for re-operation or re-admission. Pathologic data collected included specimen weight, International Federation of Gynecology and Obstetrics (FIGO) 1988 stage of tumor, histology and grade of tumor and total number of lymph nodes retrieved.

Statistical analysis was performed with SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA). Continuous data was analyzed with two-sample t-test, and categorical data was conservatively evaluated with Fisher\'s exact test. Relative risks and 95% confidence interval (CI) were constructed where appropriate, and an alpha was set at 0.05 for statistical significance.

1. Surgical procedure
---------------------

The surgical techniques for both procedures included pelvic washings, hysterectomy, bilateral salpingo-oophorectomy, and bilateral pelvic and peri-aortic lymphadenectomy at least to the level of the inferior mesenteric artery, with or without postoperative cystoscopy (performed routinely by one of the authors, TCR). Detailed description of the surgical procedure was published before \[[@B11]\] and applied to the cases performed at White Plain Medical center with minor changes.

All patients received prophylactic antibiotics prior to skin incision to reduce the rate of wound infections, and lower extremity sequential compression devices and/or subcutaneous heparin for deep venous thrombosis prophylaxis. A clear diet was offered to patients on the day of surgery and a regular zdiet on postoperative day one. Pain control was provided with either an intravenous (IV) patient-controlled anesthesia (PCA) narcotic or an oral narcotic with or without a non-steroidal anti-inflammatory drug. A complete blood count was obtained on the first postoperative day. Intravenous fluids were discontinued when the patient tolerated oral fluids. Patients were discharged home when they were able to tolerate a regular diet, ambulate independently, and after adequate pain control was achieved with oral agents.

RESULTS
=======

1. Study population
-------------------

Two institutions were part of the study. During the study period, a total of 432 cases fulfilled the inclusion criteria: 187 cases were included in the robotic arm (143 \[76%\] from Pennsylvania Hospital and 44 \[24%\] cases from White Plain Medical Center) and 245 cases in the laparoscopic arm (173 \[70.6%\] from Pennsylvania Hospital and 72 \[29.4%\] cases from White Plain Medical Center).

At each institution, both arms (robotic vs. laparoscopy) were statistically comparable in terms of baseline characteristics: age, BMI, prior surgery and comorbid condition (p\>0.05).

The robotic arm was comparable to the laparoscopic arm in term of demographics when the cases of both institutions were grouped ([Table 1](#T1){ref-type="table"}). Tumor grade 1 was predominant on both arms and not statistically different between both groups. Even though tumor type was different in both arms, Endometrioid adenocarcinoma was predominant in both arms ([Table 2](#T2){ref-type="table"}).

2. Surgical staging
-------------------

Early surgical stage was statistically similar on both arms (stage I: 83.4% vs. 82.1%, respectively; p=0.52). Lymph nodes were histologically documented from pelvis in 96.2% in the robotic arm and 95% in the laparoscopic arm. Para-aortic lymph nodes were histologically documented in 72.7% in the robotic arm and in 69% in the laparoscopic arm. No difference was noted in the total number of lymph nodes retrieved. More para-aortic lymph nodes were retrieved in the robotic than in the laparoscopic arm (p=0.039), but less pelvic lymph nodes (p=0.005) ([Table 2](#T2){ref-type="table"}).

The skin to skin operative time was 57 minutes longer in the robotic arm (p=0.0001). Hospital stay was shorter in the robotic arm than in the laparoscopic arm and this difference was maintained after excluding the cases that were converted (1.96 vs. 2.45 days, respectively; p=0.016) ([Table 3](#T3){ref-type="table"}).

3. Operative outcomes
---------------------

There was statistically less estimated blood loss in the robotic than in the laparoscopic arm, but not in the rate of blood transfusion ([Tables 3](#T3){ref-type="table"}, [4](#T4){ref-type="table"}). There were 186 (99.5%) patients in the robotic arm and 235 (95.9%) patients in the laparoscopic arm whose surgeries were completed without conversion to laparotomy (conversion rate: 0.5% vs. 4.1%; relative risk \[RR\], 0.21; 95% CI, 0.03 to 1.34; p=0.0273). One case in the robotic arm required conversion due to poor visualization and 10 cases in the laparoscopic arm due to pulmonary insufficiency, advanced disease, uncontrolled bleeding, uterus size, ureteral injury, hypogastric vein laceration and adhesions (4 cases).

Re-operation rate was similar on both arms (RR, 1.36; 95% CI, 0.83 to 2.22; p=0.44). Indications for re-operation in the robotic arm (7 cases) were: vaginal cuff dehiscence (3 cases), small bowel perforation (postoperative day 1), bowel injury/enterotomy (postoperative day 3), small bowel obstruction (postoperative day 14), and port site hernia repair. Indications for re-operation in the laparoscopic arm (5 cases) were vaginal cuff dehiscence (2 cases), port site hernia repair (2 cases) and bleeding from an area of lymph node dissection on postoperative day 1.

4. Intraoperative complications
-------------------------------

The rate of urinary tract injury was higher in the laparoscopic arm than in the robotic arm (2.9% vs. 0%, p=0.02). Injuries to the urinary tract consisted of ureteral injuries (5 cases; 1 case was converted to laparotomy for repair), and cystotomies (2 cases; 1 cystotomy was associated to laceration of hypogastric vein and was converted).

There were 4 cases of bowel injury in the robotic arm, one was before docking and was excluded from the analysis (inclusion/exclusion of this case did not alter statistical findings). Two patients had a history of bowel resection as part of treatment of colon cancer; these enterotomies were repaired laparoscopically and the other bowel injury was noted on postoperative day 1.

The overall rate of intraoperative complication was similar in both arms, 3 cases in the robotic arm vs. 7 cases in the laparoscopic arm (1.6% vs. 2.9%, p=0.525) ([Table 4](#T4){ref-type="table"}).

5. Post-discharge complications
-------------------------------

No difference was noted in the rate of complication during the hospital stay (12.3% vs. 17.1%; RR, 0.79; 95% CI, 0.56 to 1.12; p=0.20) nor at the time of the postoperative visit (7.5% vs. 7.8%; RR, 0.98; 95% CI, 0.65 to 1.48; p=0.93).

The re-admission rate was similar on both arms (3.7% vs. 2.0%; RR, 1.36; 95% CI, 0.83 to 2.22). Reason for re-admission in the robotic arm (7 cases) included a postoperative ileus, vaginal cuff dehiscence (3 cases), pelvic abscess (2 cases) and a pulmonary embolism. Re-admissions in the laparoscopic arm (5 cases) included a port-site hernia, pneumonia, vaginal cuff cellulitis and vaginal cuff dehiscence (2 cases).

There were fewer late minor complications noted in the robotic arm than in the laparoscopic arm but this was not statistically significant ([Table 5](#T5){ref-type="table"}). Three cases with lymphedema and 4 cases with symptomatic lymphocele were identified in the robotic group; while in the laparoscopic group 1 case with lymphocele was noted.

DISCUSSION
==========

The safety and feasibility of robotic-assisted surgical staging has been described in multiple studies and is gaining widespread acceptance \[[@B12]-[@B16]\]. However, the intraoperative and short term advantages over conventional laparoscopy is less clear, which is important given its relative higher cost \[[@B17],[@B18]\]. The purpose of this study is to overcome two limitations of the prior study: relative small number of cases and single institution experience.

In this cohort study, we have demonstrated that patients undergoing robotic-assisted surgical staging have less urinary tract injuries and blood loss with a shorter hospital stay while having the same overall rate of intraoperative and postoperative complications, and conversion as conventional laparoscopy.

In order to justify the relative higher costs associated with robotic surgery, the known advantages of the da Vinci Surgical System platform need to translate into actual differences in patient clinical outcomes (e.g., intraoperative complications) in comparison to conventional laparoscopy. Unfortunately, the potential advantages can be diluted when the operator has overcome the learning curve of the laparoscopy \[[@B19]\].

In this cohort, patients in the robotic arm have fewer urinary tract injuries than the patients in the laparoscopic arm. This may be explained but multiple factors such as learning curve of laparoscopic approach, complexity of the case, and technical differences inherent to the robotic platform. Up to this publication, there is no a single publication that reported a case of urinary tract injury \[[@B4]-[@B9]\] ([Table 6](#T6){ref-type="table"}). The clinical impact of this difference is relevant because 28% (2 cases) were converted to laparotomy.

Our overall rate of intraoperative complications was not statistically different between the 2 arms (1.6% vs. 2.9%; p=0.525). Boggess et al. \[[@B9]\] reported an incidence of 1% in the robotic group (bowel injury) and 3.7% in the laparoscopic group (cystostomy, bowel injury, caval injury). Lim et al. \[[@B4]\] had no intraoperative complication in the robotic group but 12.5% in the laparoscopic group (3 obturator nerve palsy, 2 cystotomy repair, 1 enterotomy repair, venotomy). In the current study, no significant difference was found between the 2 arms in the intra-hospital and post-discharge complication rate. This has been a stable finding across published studies ([Table 6](#T6){ref-type="table"}).

The statistically reduced estimated blood loss in the robotic arm is the most consistent finding with other publications ([Table 6](#T6){ref-type="table"}). In a meta-analysis that included 397 patients, the use of the robot was associated with a significantly reduced blood loss during surgery: mean difference, 75.96 mL (95% CI, -142.39 to -9.53) \[[@B20]\]. Importantly, the finding of decreased blood loss may not be clinically significant since it did not translate into a reduced rate of blood transfusions. This observation is consistent with other studies in the literature ([Table 6](#T6){ref-type="table"}).

The reported hospital stay has been consistent across published studies in America and ranges from 1 to 1.6 days (robotic) vs. 1 to 2.6 days (laparoscopic) ([Table 6](#T6){ref-type="table"}). In the current study this difference was statistically significant with no difference in the rate of re-admission (3.7% in the robotic arm vs. 2.0% in the laparoscopic arm; RR, 1.36; 95% CI, 0.83 to 2.2; p=0.44). This finding is consistent with a meta-analysis that included 431 patients, where the hospital stay was shorter in the robotic approach than in the laparoscopic for surgical staging for endometrial cancer: mean difference, -0.17 days (95% CI, -0.28 to -0.06) \[[@B20]\]. However, Gaia et al. \[[@B21]\] reported no difference in a systematic review that included 589 robotic and 396 laparoscopic cases. This may reflect the heterogeneity of care represented when a study includes data from multiple, disparate centers.

Though our conversion rate was low in both arms, the robotic arm was favored but did not reach statistical significance (0.5% vs. 4.1%; RR, 0.21; 95% CI, 0.03 to 1.34; p=0.02) and may not reflect widespread conversion rates for laparoscopies performed for this indication ([Table 6](#T6){ref-type="table"}). The GOG LAP2 trial for example, found a 25.8% overall conversion rate in the laparoscopic arm for surgical staging for endometrial cancer; this high conversion rate was associated with increasing age, BMI, and metastatic disease and represents the only randomized controlled trial to date \[[@B22]\].

In centers dedicated to minimally invasive surgery where the surgeon has overcome some of the limitations of the video-laparoscopic platform, the robotic platform may not represent an advantage. Our clinical experience and our reading of the literature suggest however, that the use of the robotic platform can shorten the learning curve \[[@B4],[@B23],[@B24]\] and our skin to skin operative time did not favor the robotic arm which was 57 minutes longer for the robotic arm. Gaia et al. \[[@B21]\] found a longer operative time for the robotic approach. Previous publications show conflicted data which reflects variation in the definition, type of study (prospective vs. retrospective), surgeon experience, surgical team, hospital setting (academic vs. non-academic center), proficiency of assistant (e.g., fellow), and/or volume of cases. Given the technical advantages of the robotic platform, a shorter operative time in the robotic arm would be expected. Our experience suggests that operative time continues to decrease as individual surgeons and centers increase their experience (especially beyond 500 to 1,000 cases).

Our total lymph node retrieved was similar in the robotic and laparoscopic arm. Other studies, reported higher lymph node retrieved in favor of the robotic arm, presumably due to the wrist-like motion of the robotic arms and/or the 3D visualization which may help overcome the anatomic barriers ([Table 6](#T6){ref-type="table"}). However, Reza et al. \[[@B20]\] found no difference in the lymph node retrieved in a meta-analysis when compared robotic versus laparoscopy for surgical staging.

The current study represents the largest series to date to compare robotic-assisted to traditional laparoscopy for the staging of endometrial carcinoma. While some of the weaknesses of prior studies (e.g., single institution) were targeted in the study design, we acknowledge that the inherent limitations of retrospective studies, such as lack of randomization, are present. Quality of life, return to work, and the impact on overall survival are important outcomes that deserve further study.

Robotic-assisted surgery is an acceptable alternative to laparoscopy for staging of endometrial cancer. Our experience suggests that the use of robotics in this setting may reduce the risk of urinary tract injury.
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Patient demographics and comorbid conditions for robotic versus laparoscopic hysterectomy and bilateral pelvic and para-aortic lymphadenectomy endometrial cancer
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^\*^p-value from Fisher\'s exact test. ^†^p-value from two sample t-test.
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Staging, pathologic findings, and tumor type for robotic versus laparoscopic hysterectomy and bilateral pelvic and para-aortic lymphadenectomy for endometrial cancer
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FIGO, International Federation of Gynecology and Obstetrics; MMMT, malignant mixed Müllerian tumor.

^\*^p-value from two sample t-test. ^†^p-value from Fisher\'s exact test. ^‡^Histologically documented.
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Operative time, conversion to laparotomy, blood loss, and hospital stay for robotic vs. laparoscopic hysterectomy and bilateral pelvic and para-aortic lymphadenectomy for endometrial cancer
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^\*^p-value from two sample t-test.
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Summary of complications for robotic vs. laparoscopic hysterectomy and bilateral pelvic and aortic lymphadenectomy for endometrial cancer
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Values are presented as number (%).

^\*^p-value from Fischer\'s exact test.
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Comparison of late complications for robotic versus laparoscopic approach for endometrial cancer
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^\*^p-value from Fischer\'s exact test. ^†^One case of lymphedema presented with lymphocele at the same time.
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Summary of reports on outcomes on robotic-assisted versus laparoscopic (LSC) surgical staging for endometrial cancer
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^\*^p\<0.05. ^†^Study compared robotic, LSC and open approaches. ^‡^Cautery injury to the cecum prior docking.
